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Abstract 
:KHQDTXHQFKRFFXUVLQDVXSHUFRQGXFWLQJPDJQHWH[FHVVLYHMRXOHKHDWLQJPD\GDPDJHWKHPDJQHW7KHDXWKRUVKDYHSUHVHQWHGD
TXHQFK GHWHFWLRQSURWHFWLRQ V\VWHP EDVHG RQ DQDFWLY H SRZHU PHWKRG ZKLFK FDQ GHWHFW WKH TXHQFK TXLFNO\ DQG SUHFLVHO\ E\
PHDVXULQJDQDFWLYHSRZHUGLVVLSDWHGZLWKLQWKHPDJQHWDIWHUWKHTXHQFK,QWKLVSDSHUWKHDXWKRUVVKRZXVHIXOQHVVRIDVRIWZD UH
TXHQFKGHWHFWLRQSURWHFWLRQV\VWHPIRUDFU \RFRROHG1E7LVXSHUFRQGXFWLQJPDJQHWZKLFK LVDFRPPHUFLDO VL]HPDJQHWPDGHE\
7DPDNDZD&R/WG([SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHGV\VWHPLVXVHIXOIRUWKHSUDFWLFDOXVHGVXSHUFRQGXFWLQJPDJQHW

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,663URJUDP&RPPLWWHH

Keywords:DFWLYHSRZHUPHWKRGTXHQFKGHWHFWLRQTXHQFKSURWHFWLRQFU\RFRROHGVXSHUFRQGXFWLQJPDJQHWVRIWZDUHV\VWHP
1. Introduction 
6XSHUFRQGXFWLQJ PDJQHWV KDYH EHHQ GHYHORSHG IRU YDULRXV DSSOLFDWLRQV 4XHQFK GHWHFWLRQSURWHFWLRQ LV D YHU\
LPSRUWDQW LVVXH IRU VDIHW\ RSHUDWLRQV RI WKH PDJQHWV >@ 7KHUHIRUH WKH DXWKRUV KDYH SUHVHQWHG D TXHQFK
GHWHFWLRQSURWHFWLRQV\VWHPEDVHGRQDQDFWLYHSRZHUPHWKRGZKLFKFDQGHWHFW WKHTXHQFKTXLFNO\DQGSUHFLVHO\E\
PHDVXULQJDQDFWLYHSRZHUGLVVLSDWHGZLWKLQWKHPDJQHWDIWHUWKHTXHQFK>@7KHFRQYHQWLRQDOV\VWHPFRQVLVWVRI
DQDORJFLUFXLWVVXFKDVRSHUDWLRQDPSOLILHUVPXOWLSOLHUVDQGORJLFFLUFXLWV,QWKLVSDSHUWKHDXWKRUVSUHVHQWDVRIWZDUH
TXHQFKGHWHFWLRQSURWHFWLRQV\VWHPDQGVKRZLWVXVHIXOQHVVIRUDSUDFWLFDOXVHGVXSHUFRQGXFWLQJPDJQHW7KHVRIWZDUH
V\VWHPFDQUHDOL]HQRWRQO\UHDOWLPHSURFHVVLQJTXHQFKGHWHFWLRQSURWHFWLRQEXWDOVRGDWDDFTXLVLWLRQDQGZDYHIRUP
PRQLWRULQJFRPSDUHGZLWKWKHFRQYHQWLRQDODQDORJV\VWHP7KHPDJQHWXVHGIRUTXHQFKGHWHFWLRQSURWHFWLRQWHVWVLVD
FU\RFRROHG1E7L+HOPKROW]VXSHUFRQGXFWLQJPDJQHWZKLFKLVDFRPPHUFLDOVL]HPDJQHWPDGHE\7DPDNDZD&R/WG
4XHQFKGHWHFWLRQSURWHFWLRQWHVWVZHUHFDUULHGRXWIRUTXHQFKRFFXUUHQFHLQWUDLQLQJSURFHVV0D[LPXPWHPSHUDWXUHRI
WKHPDJQHW LQ WKH WHVWVZDVOR ZHU WKDQ WKH SHUPLVVLEOH WHPSHUDWXUH RIWK HPDJQHW 7KH UHVXOWV VKRZWK H SURSRVHG
V\VWHPLVXVHIXOIRUWKHSUDFWLFDOXVHGVXSHUFRQGXFWLQJPDJQHW


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail addressQDQDWR#FFRND\DPDXDFMS
Available online at www.sciencedirect.com
© 2012 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Nozomu Nanato et al. /  Physics Procedia  27 ( 2012 )  428 – 431 429
2. Active power method 
)LJVKRZVDQHOHFWULFFLUFXLWIRUWKHDFWLYHSRZHUPHWKRG9ROWDJHDFURVVDVXSHUFRQGXFWLQJPDJQHWv6&LVVKRZQ
LQ(T

vsc=ri+Ldi/dt,                                                                                                                                                  (1) 
ZKHUHrLVDUHVLVWDQFHRIWKHVXSHUFRQGXFWLQJPDJQHWJHQHUDWHGDIWHUTXHQFKRFFXUUHQFHiLVDQRSHUDWLRQFXUUHQWLLV
DVHOILQGXFWDQFH,Q(TWKHILUVWWHUPRILWVULJKWKDQGVLGHLVWKHUHVLVWLYHYROWDJHVLJQDOZKLFKLVJHQHUDWHGRQO\
DIWHU WKH TXHQFK RFFXUUHQFH 7KHUHIRUH WKH TXHQFK FDQ EH GHWHFWHG E\PHDVXULQJ WKH UHVLVWLYH YROWDJH ,Q RUGHU WR
PHDVXUHRQO\WKHUHVLVWLYHYROWDJH WKHVHOI LQGXFWLYHYROWDJHLVFDQFHOHGE\DFDQFHOFRLO7KHYROWDJHRIWKHFDQFHO
FRLOv&&LVVKRZQLQ(T

vcc=mdi/dt,                                                                                                                                                      (2) 
ZKHUHmLVDPXWXDOLQGXFWDQFHEHWZHHQDSULPDU\FRLODQGVHFRQGDU\RQHRIWKHFDQFHOFRLO&RQVWDQWSDUDPHWHUkLV
GHILQHGDV(T

k=L/m.                                                                                                                                                           (3) 
7KHQWKHUHVLVWLYHYROWDJHFDQEHPHDVXUHGE\(T

vsc-kvcc=ri.                                                                                                                                                     (4) 
*HQHUDOO\WKHUHVLVWLYHYROWDJHLVDORZ61UDWLRVLJQDOZKLFKPD\FDXVHLQVXIILFLHQWTXHQFKUHFRJQLWLRQ,QRUGHUWR
UHGXFHWKHQRLVHWKHUHVLVWLYHYROWDJHVLJQDOLVWUDQVIRUPHGLQWRDQDFWLYHSRZHUVLJQDOPDQGWKHQLWLVILOWHUHGZLWKD
ORZSDVVILOWHU/3)PLVVKRZQLQ(TDQGILOWHUHGPLVGHILQHGDVP’VKRZQLQ(T

P=ri2,                                                                                                                                                            (5) 
P’s=Ps/1+sT.                                                                                                                                       (6) 

(TLVVKRZQE\/DSODFHWUDQVIRUPDQGTLVDWLPHFRQVWDQWRI/3)(TKDVD'&FRPSRQHQWDQGWKHUHIRUHD
KLJK 61 UDWLR VLJQDO FDQEH REWDLQHG E\ (T  :KHQ P’ UHDFKHV WRD  VSHFLILHG WKUHVKROG D TXHQFK
GHWHFWLRQSURWHFWLRQ V\VWHP UHFRJQL]HV WKH TXHQFK RFFXUUHQFH 7KLV PHWKRG FDQ EH DOVR DSSOLHG WR PDJQHWLFDOO\
FRXSOHGPDJQHWVVXFKDVDKLJKILHOGPDJQHW>@

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3. Quench detection/protection tests 
)LJ VKRZV D TXHQFK GHWHFWLRQSURWHFWLRQ FLUFXLW:KHQ WKH VXSHUFRQGXFWLQJPDJQHW LV LQ WKH VXSHUFRQGXFWLQJ
VWDWHWKHVZLWFKDQ,*%7,QVXODWHG*DWH%LSRODU7UDQVLVWRUWXUQVRQDQGWKHQWKHRSHUDWLRQFXUUHQWLVVXSSOLHGWR
WKHPDJQHW:KHQ WKHTXHQFK LVGHWHFWHG WKH VZLWFKWXUQVRII DQGWKHQ WKHSRZHUVXSSO\ LVGLVFRQQHFWHG IURP WKH
PDJQHW DQGPDJQHWLF HQHUJ\ VWRUHG LQ WKHPDJQHW LV GLVFKDUJHG LQ WKH GLRGHV FRQQHFWHG WR WKHPDJQHW LQ SDUDOOHO
³&7´LVDFXUUHQWWUDQVIRUPHUZKLFKLVDQLQVWUXPHQWWRPHDVXUHWKHRSHUDWLRQFXUUHQW7DEOHVKRZVVSHFLILFDWLRQVRI
WKHFU\RFRROHG+HOPKROW]PDJQHWPDGHE\7DPDNDZD&R/WGZKLFKLVDFRPPHUFLDOVL]HPDJQHWZRXQGZLWK1E7L
ZLUHVZKRVH VHOI LQGXFWDQFHRI+DQGPD[LPXPPDJQHWLF HQHUJ\N-DWRSHUDWLRQFXUUHQW$ PDJQHWLF
ILHOG7DQGRSHUDWLRQWHPSHUDWXUH.7KHFDQFHOFRLOLVDQDLUFRUHWRURLGDOWUDQVIRUPHU
7KH GHYHORSHG VRIWZDUH V\VWHP FRQVLVWV RI D3 ;, V\VWHP EDVHGR Q /DE9,(: VRIWZDUH 1DWLRQDO ,QVWUXPHQWV
&RUSRUDWLRQ6SHFLILFDWLRQVRIWKHVRIWZDUHV\VWHPDUHVKRZQLQ7DEOH7KHVRIWZDUHV\VWHPFDQEHFRQWUROOHGE\D
ODSWRS3&DQGUHDOL]HUHDOWLPHSURFHVVLQJGDWDDFTXLVLWLRQDQGZDYHIRUPPRQLWRULQJ
)LJ VKRZV H[SHULPHQWDO UHVXOWV RI D TXHQFK GHWHFWLRQSURWHFWLRQ WHVW ZKLFK ZDV FDUULHG RXW IRU TXHQFK
RFFXUUHQFHLQWUDLQLQJSURFHVV7KH+HOPKROW]PDJQHWLVLQLWLDOO\FRROHGDW.E\DFU\RFRROHU)LJDVKRZVDQ
RSHUDWLRQFXUUHQWZLWKDVZHHSUDWHRI$PLQ7KHTXHQFKRFFXUUHGDWVZKHQWKHFXUUHQWUHDFKHGWR$
LQ WUDLQLQJ SURFHVV )LJV E DQG F DUH P’ DQG WKH JDWH VLJQDO RI WKH ,*%7 UHVSHFWLYHO\ DQG DUH H[SDQGHG
ZDYHIRUPV EHIRUH DQG DIWHU WKH TXHQFK RFFXUUHQFH $V VKRZQ LQ )LJ E P’ LVDO PRVW ]HUR EHIRUH WKH TXHQFK
RFFXUUHQFHDQGGUDVWLFDOO\LQFUHDVHVDIWHUWKHTXHQFKRFFXUUHQFH,QWKLVWHVWWKHWLPHFRQVWDQWTLQ(TLVPV
:KHQP’EHFRPHV ODJHU WKDQ WKH WKUHVKROGPWK :DV VKRZQ LQ)LJVFDQG D UHVSHFWLYHO\ WKHJDWHVL JQDO
WXUQVRIIDQGWKHQWKHRSHUDWLRQFXUUHQWLVVKXWGRZQ7KHQPD[LPXPWHPSHUDWXUHRIWKHPDJQHWZDV.ZKLFK
ZDVORZHUWKDQWKHSHUPLVVLEOHWHPSHUDWXUHRIWKHPDJQHW>@7KHUHVXOWVVKRZWKDWWKHSURSRVHGVRIWZDUHV\VWHPLV
XVHIXOIRUWKHSUDFWLFDOXVHGVXSHUFRQGXFWLQJPDJQHW

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4. Conclusions 
7KH DXWKRUV FDUULHG RXW TXHQFK GHWHFWLRQSURWHFWLRQ WHVWV IRU WKH FU\RFRROHG+HOPKROW] VXSHUFRQGXFWLQJPDJQHW
ZRXQGZLWK1E7LZLUHVE\XVLQJWKHVRIWZDUHTXHQFKGHWHFWLRQSURWHFWLRQV\VWHPEDVHGRQWKHDFWLYHSRZHUPHWKRG
7KHPDJQHWZDVVXFFHVVIXOO\SURWHFWHGDQGWKHUHIRUHLWZDVIRXQGWKDWW KHSURSRVHGVRIWZDUHV\VWHPZDVXVHIXOIRU
WKHSUDFWLFDOXVHGVXSHUFRQGXFWLQJPDJQHW7KHDXWKRUVDOVRKDYHGHYHORSHGWKHDQDORJFLUFXLWV\VWHP,WPDNHVWKH
TXHQFK GHWHFWLRQSURWHFWLRQ V\VWHP PRUH UHOLDEOH WR XVH WKH DQDORJ V\VWHP WRJHWKHU ZLWK WKH VRIWZDUH V\VWHP
+HUHDIWHUWKHDXWKRUVZLOOVWXG\DERXWWKHFRPELQDWLRQV\VWHP
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